Purpose: This study examined the effect on uterine contraction frequency (UCF), blood pressure (BP), heart rate (HR), fetal heart rate (FHR) patterns and psychophysical symptoms (physical discomfort, anxiety, and depression) of structured bed exercise (SBE) in hospitalized high-risk pregnant women prescribed bed rest. Methods: Forty-five hospitalized high risk pregnant women at >24 weeks of pregnancy prescribed bed rest were randomly assigned to the experimental or control group. From January to May 2014, data were collected using electronic fetal monitoring and patient monitoring of UCF, BP, HR and FHR patterns, and psychophysical symptoms were measured using the antenatal physical discomfort scale, state-trait anxiety scale, and Edinburgh postnatal depression scale. Results: UCF, BP, HR, and FHR patterns (rate, variability, acceleration, and deceleration) did not differ significantly between the experimental and control groups. The experimental group showed a significant increase in baseline FHR after SBE within the normal range, and after SBE, it reduced to the FHR before SBE. The variability, acceleration and deceleration of FHR before and after SBE did not differ significantly between two groups. Moreover, there was no statistically significant difference before and after SBE in the experimental group. Also, the experimental group showed statistically significant decreases in physical discomfort score. However, there were no significant differences in depression and anxiety score between two groups. Conclusions: SBE in hospitalized high-risk pregnant women under bed rest did not increase the risk to the fetus, and relieved physical discomfort and anxiety. Therefore, SBE should be considered as a nursing intervention in hospitalized high-risk pregnant women.
Introduction
High-risk pregnancy is associated with various factors, such as socioeconomic and demographic parameters, a history of pregnancy, underlying diseases of the mother, current state of pregnancy, and life habits. In a narrow sense, the mother has various obstetric and medical disorders, including nutrient deficiency, diabetes, and cardiac disorders during pregnancy, aged pregnancy, pregnancy-induced hypertension, premature birth, and abortion [1] .
Recently in Korea, because of the increasing age of pregnant women, the incidence of multiple pregnancy and multicultural families, risk factors for pregnancy, and obstetric complications are increasing. In 2011, the high-risk pregnancy rate reached 42.8% (196, 740) of the total number of pregnant women (459,239) [2] . Accordingly, the number of high-risk pregnant women among women hospitalized in the hospital delivery room is increasing. Therefore, the clinical importance of therapeutic management and nursing for hospitalized high-risk pregnant women is increasing.
Bed rest is commonly prescribed during pregnancy for a variety of complications, from threatened abortion and multiple gestations to preeclampsia and preterm labor. Actually antepartum bed rest is a common obstetric management, with up to 95% of obstetricians utilizing maternal activity restriction in some way in their practice [3] . Bed rest is limiting the activity of the pregnant woman by making her stay in bed most of the time (>22 hour per day), except when using the bathroom [4] . Bed rest is used for preventive and therapeutic purposes in various high-risk pregnancy conditions, such as premature labor, premature rupture of membranes, multiple gestation, pregnancy-induced hypertension, or other complications of pregnancy [5] .
However, although bed rest in hospital or at home is widely used as the first step of treatment, reviews have found no evidence to support or refute the efficacy of bed rest in preventing preterm birth in multiple pregnancies [6, 7] . Some researchers suggest that bed rest and activity reduction do not significantly reduce the risk for preterm birth and may in fact increase the risk of complications including muscle atrophy, bone loss, weight loss, decreased infant birth weight in singleton gestations and gestational age at birth, and psychosocial problems such as depression and anxiety [8] . In high-risk pregnant women on bed rest, the reoxygenation time of the gastrocnemius muscle, which indicates the decline in muscular function, increased significantly during the antepartum period, suggesting the occurrence of muscle atrophy during antepartum bed rest [9] . Also, the risk of thromboembolism, bone loss, and demineralization increased significantly in high-risk pregnant women on bed rest [10] . Moreover, hospitalized high-risk pregnant women were reported to be higher in depression and anxiety and lower in spiritual well-being than non-pregnant or normal pregnant women [11] .
However, bed rest is used as the primary therapeutic management for hospitalized high-risk pregnant women in the clinic. According to a mail-based survey of all Society for Maternal-Fetal Medicine members in the USA asking whether they would recommend bed rest in the hypothetical setting of arrested preterm labor or premature rupture of membrane at 26 weeks of pregnancy, 71% responded that they would recommend bed rest for premature labor and 87% for premature rupture of membrane even though they were not confident of its safety and effectiveness [4] . Although there is a lack of scientific evidence on the efficacy of therapeutic bed rest for hospitalized high-risk pregnant women, it is prescribed for hospitalized high-risk pregnant women in Korea. Therefore, preventing side-effects that may arise when therapeutic bed rest is prolonged in hospitalized high-risk pregnant women is of clinical importance.
Most previous studies on exercise during pregnancy involved normal pregnant women or high-risk pregnant women without activity limitations. Studies on the effect of exercise in normal pregnant women have reported that it relieves the symptoms of depression [12] and anxiety [13] , suppresses excessive weight gain during pregnancy [14] , and contributes to relieving backache and pelvic pain [15] . Also, studies involving high-risk pregnant women without activity limitations reported that resistance exercise reduces the insulin demand and has a positive effect on hyperglycemic control in gestational diabetic pregnant women. Also, in pregnant women with a history of chronic hypertension or pregnancy-induced hypertension in a previous pregnancy, resistance exercise does not increase the risk of hypertensive complications, premature labor, and a low birth-weight infant [16] .
However, few studies have evaluated the effect of bed exercise on hospitalized high-risk pregnant women on bed rest [17] , and no domestic study is extant. Therefore, the purpose of this study was to assess the effects of structured bed exercise (SBE) on hospitalized high-risk pregnant women on bed rest. In this study, the SBE was expected to reduce the psychophysical symptoms such as side effects which could arise when the prescribed bed rest is prolonged. In addition, it was expected that SBE would not result in negative changes such as abnormal variability or deceleration of baseline fetal hear rate and the increase in uterine contraction frequency (UCF), blood pressure (BP), or pulse rate (PR).
The hypotheses are as follows; hypothesis 1: There will be no difference in UCF and change in BP and PR between high-risk pregnant women who did and did not undertake SBE; hypothesis 2: There will be no difference in fetal heart rate patterns (FHR patterns: rate, variability, acceleration, and deceleration) between high-risk pregnant women who did and did not undertake SBE; hypothesis 3: The high-risk pregnant women who undertook SBE will have lower scores for psychophysical symptoms (physical discomfort, anxiety, and depression) than high-risk pregnant women who did not undertake SBE.
Methods

Study design
A randomized control group pretesteposttest design with repeated measures was used to examine the effects of SBE on the UCF, BP, PR, FHR patterns, and psychophysical symptoms in hospitalized high-risk pregnant women on bed rest.
Setting and sample
The participants were 45 high-risk pregnant women hospitalized from January 2014 to May 2014 in the delivery room of a University Hospital in Seoul. The inclusion criteria were pregnant women at >24 weeks of pregnancy and hospitalized for more than 2 days, prescribed bed rest, and who understood the purpose of the study and agreed to participate. The exclusion criteria were pregnant women with continuous vaginal bleeding, uncontrolled pregnancy-induced hypertension, premature membrane rupture, cervical dilatation of >3 cm, or joint disorder.
To calculate the number of participants, the effect size of an intervention applied to reduce stress in hospitalized high-risk pregnant women in a previous study [18] was used. In this study, the effect size of the experimental group was .87. In applying alpha ¼ .05, power ¼ .80 on the G*power 3.1 software, the experimental group comprised 18 women and the control group 18 women, for a total of 36. A total of 46 were set with 23 in each group to account for participant drop out.
For group allocation, the permuted block randomization method was used. Six possible combinations (AABB, ABAB, BAAB, BABA, BBAA, and ABBA) were assigned using four block sizes by researcher. At the admission, one of the above six blocks was randomly selected, and four subjects were assigned to one block, and A was assigned to the experimental group and B to the control group. In order to maintain the assignment concealment, the experimental group (A) and the control group (B) were placed separately in the other rooms of the delivery room and separated by curtains between the beds. One woman in the control group was excluded due to voluntary discharge on the third day of admission. Therefore, there were 23 pregnant women in the experimental group and 22 pregnant women in the control group (Figure 1 ).
In addition, we could not get the baseline data in case of difficult reading the FHR patterns in three women with twin pregnancy (one in the experimental group and two in the control group) and in one woman within 30 weeks of pregnancy in the control group. In this case, we excluded in statistical analysis.
Ethical considerations
This study was performed after receiving approval from the institutional ethics review committee of Korea University Hospital (Approval no. ED13125). The researcher explained the purpose and procedures of the study to potential participants and that they could withdraw from the study. All participants provided informed consent before data collection.
Measures and instruments
UCF and FHR patterns were measured using an electronic fetal monitor (EFM; SingleType FM20, Philips, Andover, MA, USA). During the 20 or 30 minute of application, a uterine contraction was defined as a uterine contraction pressure of >5 mmHg greater than baseline for >30 s.
FHR patterns refer to the change in the variability, acceleration, and deceleration of the baseline FHR. During the 20 or 30 minute of application, baseline FHR was defined as the approximate mean FHR rounded to increments of five beats per minute (bpm) during a 10-minute tracing segment. Variability was divided into four: absent variability (amplitude range detectable), minimal variability (amplitude range observed, but <5 bpm), moderate variability (amplitude range 6e25 bpm), and marked variability (amplitude range >25 bpm). Acceleration refers to a rapid increase in FHR from the baseline FHR (peak occurring within 30 s), and the standard for >32 weeks of pregnancy was an increase of >15 bpm from the baseline FHR that continued for >15 s but <2 minute. In the case of <32 weeks of pregnancy, the standard was an increase of >10 bpm from the baseline FHR that continued for >10 s but <2 minute. Deceleration is a pattern of decrease in the baseline FHR and is classified into late deceleration (the decrease in FHR starts after the peak in uterine contraction), early deceleration (consists of a gradual decrease and return to baseline associated with a contraction), variable deceleration (sudden decrease in FHR of >15 bpm below the baseline for >15s but <2 minute), or prolonged deceleration (decrease in FHR of <15 bpm below the baseline for >2 minute but <10 minute).
BP and PR were measured using a patient monitor (SureSign VM4, Philips, Hamburg, Germany), and the systolic/diastolic BP (mmHg) were measured on the upper arm in a supine position.
Regarding psychophysical symptoms, physical symptoms were defined as physical discomfort experienced by hospitalized highrisk pregnant women on bed rest, and psychological symptoms were defined as anxiety and depression. Physical discomfort was measured using a physical discomfort scale comprising 17 items related to antepartum physical symptoms [19, 20] . The content validity was assessed by experts, who excluded two items; thus, the final scale was composed of 15 items. The content validity was verified by three obstetricians and four nurses with >10 years of experience working in the delivery room. A five-point Likert scale from "most agree" to "do not agree" was used to assess the degree of agreement with each item. A content validity index was selected over 70% of the items, and two items were excluded. Responses ranged from 0 for "no symptom" to 4 for "very severe symptoms", and the total score was 0 to 60; a higher score indicated greater physical discomfort. The Cronbach a was .88.
Anxiety was measured using the state-trait anxiety inventory of Spielberger developed in 1972 and modified for Koreans [21] . The inventory comprised 20 positive or negative questions for state anxiety and trait anxiety each, and responses ranged from 1 for "not at all" to 4 for "very much", for a total score of 20 to 80. A higher score indicated a higher anxiety level. The Cronbach a was .95. Depression was measured using the Korean version of the Edinburgh postnatal depression scale developed to identify women with postpartum depression originally [22] , which has been validated for use during pregnancy [23] . The Edinburgh postnatal depression scale comprises 10 questions on a four-point scale. Responses to the positive questions ranged from 0 for "can do" to 3 for "not at all". Responses to the negative questions ranged from 0 for "not at all" to 3 for "always do". The total score ranged from 0 to 30. A higher score indicated a greater level of depression. The Cronbach a was .87.
Data collection and procedure
In this study, SBE was used in hospitalized high-risk pregnant women prescribed with limit in activity in the previous study [17] while in supine position to the side or leaning 45 on the bed and receiving approval from the developer of the exercise to maintain or increase the strength of the limbs and the overall muscles. Some exercises were modified and composed according to this study. Therefore, SBE was composed into isometric exercise that can increase flexibility and muscle strength and isotonic exercise that can stimulate the muscles as the muscle length increases or decreases through the joints. In addition, it was developed to perform for total of 30 minute in the order of warm-up exercise (5 minute), strength exercise (20 minute), and warm-down exercise (5 minute). The warm-up and cool-down exercise of SBE consisted of the stretching exercises such as ankle circles, lying thigh/hip stretch, outer thigh stretch, upper back/neck stretch, calf stretch, shoulder shrugs, and arms circumductions. In addition, main exercise consisted of the muscle strengthening exercises such as leg extension and knee to chest at lower body and biceps curls, triceps extensions, upper back exercise, and chest press at upper body. For the intensity of the elastic band as a resistance tool used in SBE, 1.8 kg was used on 100% extension of resistance.
The pilot test was conducted from September 2013 to January 2014 in five hospitalized high-risk pregnant women at 28 to 36 weeks of pregnancy. The participants were high-risk pregnant women using tocolytics, and SBE training and performance was conducted directly by the researcher using printed materials and video using an iPad. Based on the responses of participants to SBE in the pilot test, the number of repetitions for some exercises (e.g., pulling knee to chest) was adjusted from 12 to 6. In the remaining exercises, however, there were no symptoms such as lower abdominal discomfort or bleeding.
In the pretest, the demographic/obstetric characteristics, anxiety, depression, and physical discomfort of participants were measured using the questionnaire on the second day of hospitalization.
SBE was applied four times in total from the third day of hospitalization once per day for 4 days, for 30 minute per time. SBE was applied from the third day of hospitalization based on the period of increased osteoclast bone resorption and stable health problems of hospitalized high-risk pregnant women [24] . SBE was applied in the lateral and supine position, and in the supine position, the bed angle was <45 to ensure patient comfort and the waist was supported by a sheet. Measurement of UCF and variability, acceleration and deceleration of the FHR, was performed for 20 minute before, during the 30 minute of SBE application, and for 20 minute after SBE in the supine position, and the BP and the PR were measured 20 minute before, immediately after SBE, and 20 minute after the SBE. Baseline FHR was measured for 20 minute before and after applying SBE and during the 30 minute of SBE application. The UCF, BP, PR, and FHR patterns of the control group were also measured.
For the posttest, anxiety, depression, and physical discomfort in the experimental and control groups were measured on the seventh day of hospitalization using the questionnaire. Data collection was conducted from January 2014 to May 2014 after the pilot test.
Data analysis
The collected data were analyzed using SPSS WIN 12.0 ( IBM Corp., Armonk, NY, USA). Descriptive statistics, c 2 test, Fisher's exact test and t test were used to compare baseline variables between the experimental and control groups. To assess the effect of SBE, repeated measures analysis of variance, c 2 test, and t test were used to analyze changes in UCF, BP, PR, FHR patterns (rate, variability, acceleration, and deceleration), and psychophysical symptoms (physical discomfort, anxiety, and depression) between the experimental and control groups. A p value < .05 was considered to indicate significance.
Results
Comparison of demographic and obstetric characteristics between two groups
There was no statistically significant difference in demographic characteristics (age, education, monthly income, religion, and occupation) and obstetric characteristics (exercise during pregnancy, gestational age, planned pregnancy, parity, complications of pregnancy, and tocolytics) between the experimental and control groups ( Table 1) .
Comparison of study variables between two groups at baseline
There was no statistically significant difference between the experimental and control groups in UCF, systolic/diastolic BP, and PR at baseline. Regarding the FHR patterns, there were no statistically significant differences between the experimental and control groups in baseline FHR, variability, acceleration, and deceleration. In terms of psychophysical symptoms, there were no statistically significant differences between the experimental and control group in physical discomfort, anxiety, and depression (Table 2 ). Regarding FHR patterns in the experimental and control groups, the baseline FHR showed a significant difference in the interaction between period and group (F ¼ 3.79, p ¼ .035) and between periods (F ¼ 6.72, p ¼ .004), but not between the groups. Therefore, the hypothesis of no difference in baseline FHR between the experimental and control groups was rejected. In detail, the average baseline FHR was higher during SBE (143.18) than before SBE (139.54) and decreased after SBE (140.54). The increase in baseline FHR before and during SBE (t ¼ À2.64, p ¼ .015) and decrease during and after SBE (t ¼ 2.36, p ¼ .028) were significant.
Hypothesis testing
In terms of the variability of the baseline FHR, abnormal variability during SBE was detected in one woman (4.5%) in the experimental group and two women (10.5%) in the control group before SBE; the difference was not significant. After SBE, variability did not differ significantly between the experimental and control groups. The difference in the frequency of abnormal variability before and after SBE in the experimental group was not significant. Therefore, the hypothesis of no difference in the variability of baseline FHR was supported. Regarding acceleration of baseline FHR, there were no significant differences in the interaction between period and group (F ¼ 0.27, p ¼ .760) and between groups (F ¼ 1.03 p ¼ .317), but had significant difference between periods (F ¼ 3.26, p ¼ .045). Therefore, the hypothesis of no difference in the frequency of baseline FHR acceleration between the experimental and control groups was supported. The deceleration of baseline FHR showed no significant difference in the interaction between period and group (F ¼ 1.35, p ¼ .263) or between periods (F ¼ 0.23, p ¼ .744) and significant difference between groups (F ¼ 6.09 p ¼ .018). Therefore, the hypothesis of no difference in the frequency of baseline FHR deceleration between the experimental and control groups was supported (Table 3) . Hypothesis 3: In terms of the difference in psychophysical symptoms between the experimental and control groups, the physical discomfort score showed significant difference in the interaction between period and group (F ¼ 6.39, p ¼ .015). In detail, the average physical discomfort score in the experimental group was 23.48 before SBE and 17.43 after SBE; the difference was significant (t ¼ 2.96, p ¼ .007). The hypothesis of a reduced physical discomfort score after SBE in the experimental group compared to the control group was supported. The average state anxiety score of the experimental group before SBE was 42.83, compared to 38.83 after SBE; the difference was significant (t ¼ 2.22, p ¼ .037). However, the hypothesis of a reduced anxiety score after SBE in the experimental group compared to the control group was not supported. Depression was decreased after SBE (6.78) compared to before SBE (6.90) in the experimental group, albeit not significantly so. Therefore, the hypotheses of the lower depression and state anxiety scores in the experimental group than the control group were rejected (Table 4) .
Discussion
This study evaluated the effect on UCF, BP, PR, FHR patterns, and psychophysical symptoms (physical discomfort, anxiety, and depression) of SBE (bed exercise comprising isometric/isotonic exercises for strengthening the muscles) in hospitalized high-risk pregnant women with limited activity due to bed rest. The participants were 45 hospitalized high-risk pregnant women at >24 weeks of pregnancy prescribed bed rest, and SBE was applied once per day for 4 days from the third day of hospitalization.
The UCF, BP, PR, and FHR patterns (rate, variability, acceleration, and deceleration) showed no statistically significant difference between the experimental and control groups. This result is similar to the previous study [17] of no change in UCF before, immediately after, and a few hours to 2 days after bed exercise comprising strength exercises and upper and lower limb stretching in high-risk pregnant women hospitalized due to a diagnosis of premature labor, placenta previa, multiple pregnancy, gestational diabetes, preeclampsia, oligohydramnios, hydramnios, and shortening of uterine cervical length. Therefore, the findings show that SBE in hospitalized high-risk pregnant women does not increase the risk of uterine contraction. Also, the systolic and diastolic BP and PR of the high-risk pregnant women before, immediately after, and 20 minute after SBE did not differ significantly between the experimental and control groups. In a previous study, the PR immediately after exercise increased significantly in the experimental group but decreased to the level before exercise after 20 minute [17] . The systolic/diastolic BP was unchanged before and Note. M ± SD ¼ mean ± standard deviation. a The subjects were excluded in case of twin pregnancy (one case in experimental group, two cases in control group) and impossible to read (one case in control group). Note. a The subjects were excluded in case of twin pregnancy (one case in experimental group, two cases in control group) and impossible to read (one case in control group).
immediately after exercise. In another study of the systolic and diastolic BP in pregnant women who performed walking exercise three times per month from 13 weeks to the end of pregnancy (Group 1) or 20 weeks to the end of pregnancy (Group 2) and a control group that did not perform the exercise, there was no significant difference in the change in systolic/diastolic BP [25] . Therefore, bed exercise by hospitalized high-risk pregnant women did not affect BP and PR significantly.
In the experimental group, the baseline FHR increased significantly during exercise compared to before SBE within the normal range; after SBE, it returned to the level before SBE. Variability, acceleration, and deceleration before and after SBE did not differ significantly between the experimental and control groups. Moreover, there was no significant difference between before and after SBE in the experimental group.
Recent literature suggests that sustained exercise during pregnancy may have beneficial effects on autonomic control of FHR and variability that may lead to long-term health benefits [25] . Actually, maternal submaximal dynamic exercise (20 minute cycleergometry at~60% of age-predicted maximum heart rate) during the third trimester of pregnancy does not adversely affect fetal hemodynamics (particularly, cerebral-to-fetal ratio remained within normal limits with exercise). Therefore, exercise during pregnancy causes physiological stimulation, which results in an increased FHR but does not distort the fetal cardiovascular reaction [26] . Also, fetal placenta blood flow and fetal growth in two groups that performed moderate walking exercise at 13 and 20 weeks of pregnancy [27] and did not affect the blood flow in the fetal placenta or fetal growth and improved the physical fitness of the pregnant women, in terms of maximum oxygen consumption. As the studies cited above, most previous studies of exercise during pregnancy have excluded pregnancies with medical or obstetric complications. Thus, there is little information regarding the effect of exercise on FHR in complicated pregnancies. This finding suggest that bed exercise by hospitalized high-risk pregnant women may not have a negative effect on the FHR, variability, acceleration, and deceleration and does not increase the risk of fetal cardiovascular reaction.
Regarding the effect of SBE on psychophysical symptoms, the experimental group showed significantly less physical discomfort than the control group. In other words, bed exercise of hospitalized high-risk pregnant women was effective in terms of relieving physical discomfort. After the SBE, 69.6% (16 patients) of the participants provided positive subjective evaluations such as "refreshing," "fresh," "sweating on the body," "thought I would be out of breath, but was not," "was sleepy after the exercise," the exercise intensity and time are appropriate," "my stomach did not feel lumpy after exercise," and "the baby played better after the exercise". Therefore, application of SBE in hospitalized high-risk pregnant women may be an effective method of relieving physical discomfort. However, state anxiety and depression did not change significantly in both groups. This result is not in agreement with a previous study [28] that participating in an exercise program during pregnancy improved depression, anger, nervousness, fatigue, and anxiety and increased vitality. However, in a study involving healthy normal pregnant women who participated in regular exercise from 9e12 weeks to the end of pregnancy, the depression score of the experimental group, which continued the exercise, decreased significantly [29] . This is likely because the participants evaluated the effects of long-term exercise, but the participants in our study were hospitalized high-risk pregnant women who engaged in short-term exercise.
Consequently, for hospitalized high-risk pregnant women who are prescribed bed rest, this study findings show that a supervised bed rest exercise intervention may provide minimal risks and help alleviate the psychophysiological side-effects of hospital activity restriction.
Conclusion
In conclusion, SBE by hospitalized high-risk pregnant women on bed rest did not increase the risk to fetal well-being and relieved the physical discomfort and anxiety of the patients. Therefore, bed exercise intervention should be considered in the management of hospitalized high-risk pregnant women. SBE should be applied clinically as bed exercise in the therapeutic management of hospitalized high-risk pregnant women on bed rest. However, as this is the first domestic study of bed exercise in hospitalized high-risk pregnant women, further research is warranted.
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